ABSTRACT -The objective of this study was to determine the effects of raw bee propolis and water or ethanol extract of propolis on growth performance, some blood parameters, and immunoglobulins in 15-20-week-old Ross-308 broiler breeders. The birds in the control were fed a diet without propolis, whereas the birds in the treatment groups were fed diets with raw propolis (RP), water (WEP), and ethanol (EEP) extract of propolis at the level of 1200, 400, and 400 ppm, respectively. Raw propolis and propolis extracts did not affect body weight gain, feed intake, feed conversion ratio, and some blood parameters, such as aspartate aminotransferase, alanine aminotransferase, total antioxidant status, triglyceride, and phosphorus. Birds fed EEP and those in control group had a lower IgA value compared with birds fed RP. Birds fed RP had higher IgM level than those of the other groups, and birds fed EEP had lower IgM level than those of control and RP-fed group. The IgY value of breeders fed EEP was higher than those of the other treatment birds, whereas that of WEP-fed birds was higher than those of control and RP treatment. The antibody levels of Anti-Newcastle disease virus and anti-infectious bursal disease virus were higher in EEP and RP-fed groups than those in the control and WEP-fed groups. The WEP decreased total oxidant status value compared with the control and RP treatments, whereas EEP and WEP increased plasma total protein and calcium contents compared with the control. The EEP increased plasma albumin content compared with RP. The addition of propolis extracts, especially WEP and EEP, to diet improves immunity and antioxidant activity, as well as enhances Ca absorption of broiler breeders.
Introduction
The main purpose of the growth of broiler breeders is to create a uniform flock in terms of high egg production and hatchability. As known, the rapid growth before the laying period is limited by feed restriction to ensure the health and reproductive capacity of birds (Mench, 2002; De Jong and Jones, 2006) . Comfort, the immune system, and some other production traits of chickens are influenced negatively when they are exposed to stress due to feed restriction (D'Eath et al., 2009) . Therefore, there is a close relationship between the continuity of productive and profitable production and the comfort and immune system of the animal during the growing and pullet periods. Some strategies, such as decreasing the energy content or dilution of the diet (Van Krimpen et al., 2009 ) and declining of voluntary feed intake (Van Krimpen and De Jong, 2014) are applied to improve animal comfort or to reduce stress. Recently, the use of diets supplemented with feed additives assumed to boost the immune system and improve comfort is investigated as another application in broiler breeder nutrition. In this context, medicinal and aromatic plants and their extracts with antimicrobial and antioxidant properties are thought to be effective on the performance and immune systems of animals in the grower period of breeders (Fan et al., 2010 (Fan et al., , 2012 Licciardi and Underwood, 2011; Rahimi et al., 2011; Eyng et al., 2013) . Therefore, to eliminate this pressure on broiler breeder chickens, a series of research is still required on various feed additives such as bee products (Eyng et al., 2015; Ozturk et al., 2015; Konanç and Ozturk, 2016; Kop Bozbay et al., 2016) .
Propolis, a resinous or a wax-like substance used for hive cleaning and insulation by bees, is known for its antibacterial and antifungal properties (Fan et al., 2010 (Fan et al., , 2012 Eyng et al., 2015; Li et al., 2015; Yang et al., 2015) and stimulating effects on immune system (Denli et al., 2005; Yang et al., 2015) . Therefore, researchers have focused on using propolis as feed addtive in broiler diets.
As known, immunoglobulins (Ig) such as IgM, IgA, and IgY are the main defense system in the animal body. It has been reported that some feed additives affect positively these defense systems in the animal body (Ziaran et al., 2005; Fan et al., 2010; Licciardi and Underwood, 2011; Rahimi et al., 2011; Fan et al., 2012; Eyng et al., 2013; Li et al., 2015) . There is not enough knowledge related to the effects of propolis and its extracts on the immune status in broiler breeders. Because of these features, propolis can be used as an alternative source for broiler breeders during the pre-laying period. Therefore, this research was conducted to determine the effects of propolis and its extracts on performance, immune system parameters, levels of pathogen-specific antibodies such as anti-Newcastle disease virus (NDV) and anti-infectious bursal disease virus (IBDV), and some blood biochemistry parameters in the pre-laying period of broiler breeders.
Material and Methods
This research was carried out at an experimental farm in Samsun, Turkey, situated at 41°21'53.9'' N, 36°11'16.1'' E, and 150 m above sea level. A total of 48 female broiler breeders obtained from a local commercial firm were used. Research on animals was conducted according to the Animal Experimental Guidelines of the Ethical Committee of our university (2014/43). Broiler breeder chickens raised in ground pens until 12 weeks of age were fed a propolisfree commercial diet according to Ross-308 Breeders rearing guideline. Broiler breeders were distributed into four groups of 12 birds each. Afterwards, they were kept for three weeks in individual cages until their 15th week of age (adaptation period). Hence, the experiment lasted for six weeks during 15-20 weeks of age. All birds were maintained at approximately 21 °C during the experiment. Birds were housed in individual cages with plastic feeders and nipple drinkers. Pullets were reared on constant day lengths of 8 h from 15 to 19 weeks and 11 h at 20 weeks of age.
All birds were fed basal diets consisted of corn, wheat, soybean meal, and sunflower meal according to recommendation of producing company. The diets were prepared as isocaloric and isonitrogenous (11.72 MJ metabolizable energy and 150 g crude protein/kg diet) ( Table 1) . During the grower period, all birds were housed in sanitary conditions with ad libitum access to water from nipple drippers.
In the study, the amount of extracts supplemented to diets was adjusted according to Ozturk et al. (2015) , who found that the minimum concentration of propolis extract for boosting the immune status of broiler breeders was 400 mg per kg of diet. Birds in the control group were fed a diet without propolis, whereas birds in the other treatment groups were fed diets with raw propolis (RP), water (WEP), or ethanol (EEP) extracts of propolis at the level of 1200, 400, and 400 ppm, respectively. Since approximately 400 cc WEP or EEP may be obtained from RP of 1200 g (Konanç and Ozturk, 2016) , powder propolis was included in the RP diet at a level of 1200 mg kg −1 , regardless of active compounds. Because the restricted feeding programme is compulsory in the grower period of broiler breeders, the amount of diet offered to all the birds were 434, 455, 490, 525, 567, and 616 g/bird for the 1st, 2nd, 3rd, 4th, 5th, and 6th week of the experiment, respectively). The basal ration was prepared weekly, and propolis and its extracts were mixed to the basal diet daily and kept at room temperature. The RP was grounded and then premixed and added to the diet. The EEP and WEP were topdressed uniformly to the diets and then this diet was mixed.
Raw propolis and ethanol and water extracts of propolis were provided by a commercial firm (Fanus, Trabzon). While the RP was stored at −20ºC, EEP and WEP were stored at +4 ºC in a dark glass tube until the beginning of the trial. The RP used in this study was analysed for dry matter, ash, ether extracts (AOAC, 1990), dry residue (Hogendoorn et al., 2013) , waxes, ethanol-insoluble residues (Cunha et al., 2004) , and phenols and flavonoids (Kartal et al., 2002) . Active compounds of EEP and WEP (Table 2) were analysed with gas chromatography-mass spectrometry, as explained by Ramnath et al. (2015) .
Vaccines were administered in accordance with the recommendation of the company as 1st day live ND+IB Sprey, 18th day live infectious bursal disease (IBD) drinking water, 21st day live ND+IB Spray, 26th day live IBD drinking water, 49th day live ND+IB Spray, and 126th day inactive IBD+ND intramuscular. The anti-NDV and anti-IBDV antibody levels were determined using NDV test ELISA kit and IBDV test ELISA kit, respectively. Blood samples were collected from 20-week-old female Ross-308 breeder hens. For plasma of dams, antibody levels means were based on 12 hens. The values were expressed as sample:positive (S:P) ratio. At the end of the experiment, blood samples (10 mg) were taken from the bronchial vein of all birds with 22-gauge injectors into the lithium heparin tubes. Plasma samples were separated from the tubes by centrifuging the blood at 1550 × g for 10 min at 4 °C. The separated plasma samples were transferred and stored at −20 ºC until analysis. The IgY, IgA, and IgM levels of the plasma were determined using quantitive ELISA kits as explained by Konanç and Ozturk (2016) . The procedures of blood sample collection and antibody extraction, determination of anti-NDV and anti-IBDV antibodies, and calculation of the S:P ratio were designed according to Hamal et al. (2006) . The sample to positive ratio was calculated as using mean absorbance (MA) of the sample, negative control, and positive control.
S
MA of the sample -MA of the negative control ratio = P MA of the positive control -MA of the negative control
The total protein, albumen, triglyceride, Ca, P, aspartate aminotransferase (AST), and alanin aminotransferase (ALT) in plasma were analysed by an automatic analyser (Airone-200RA, Italy) using commercial kits. Total antioxidant (TAS) and total oxidant (TOS) amounts were determined by the ELISA method in plasma (Abudabos et al., 2016) . The oxidative stress index was calculated by TOS:TAS ratio.
In this study, the individual birds were considered as the experimental unit for statistical analysis. Data homogenised by the Shapiro-Wilk test were analysed according to the compare means (one-way ANOVA) procedure of SPSS (version 21) program. Differences among the means were tested by Duncan's multiple range test.
Results
Propolis and its extracts did not affect body weight gain, feed intake, and feed conversion ratio (FCR) of broiler breeders (Table 3 ). There was no mortality during the experiment. While the group fed RP had higher IgA level than other treatment groups, except group fed WEP, the RP-fed group had a higher IgM value than the other treatment groups (P<0.05). The IgY value of breeders fed EEP was higher than those of birds from other treatments, whereas that of birds fed WEP was higher than those of the control and RP treatments (P<0.05). Levels of anti-NDV and anti-IBDV antibodies as the S:P ratio were higher in EEP-and RP-fed groups than those of the control and WEP treatment (P<0.05) ( Table 4) . Raw propolis and EEP did not affect plasma AST, ALT, TAS, trigliceride, and P-values (Table 5) . While birds fed diet with WEP had a lower TOS level than control and RP-fed birds, birds fed EEP and WEP had higher plasma protein and Ca levels compared with control birds (P<0.05). The plasma albumin level of birds in the EEP-fed group was higher than those in the RP treatment (P<0.05). 
Discussion
The results of the present study indicate that the addition of propolis extract, especially ethanol and water extracts, in the diet improves immunity and antioxidant activity as well as enhances Ca absorption. In the present research, body weight gain and feed intake values were not affected by using propolis or its extracts (Table 3 ). This may be related to many factors (Ramnath et al., 2015; Konanç and Ozturk, 2016 ) that affect propolis characteristics and, most probably, the feeding system applied for controlling growth rate in the present study. Many researchers have reported that diets supplemented with propolis affected body weight gain, feed intake, and FCR of broilers positively (Roodsari et al., 2004; Shalmany and Shivazad, 2006; Tekeli et al., 2011; Seven et al., 2012; Attia et al., 2014) . In contrast to these researchers, Duarte et al. (2014) reported that propolis did not affect broiler performance. Acikgöz et al. (2005) and Danesgmand et al. (2015) reported a decrease in the growth performance of broilers fed diets supplemented with propolis and EEP, respectively. The differences among the studies in terms of bird performance might be attributed to the origin, chemical composition, phenolic compounds, and dose of propolis, age or rearing period of animal, and feeding system applied. For example, broiler breeders used in our study were 15-20 weeks old, whereas broiler chickens used in the other studies were 1-42 days old.
The results in relation to immunoglobulin levels indicated that the addition of propolis extracts to the diet affected the immune status of birds, especially in the EEP treatment group. Some researchers (Ziaran et al., 2005; Fan et al., 2013; Attia et al., 2014; Li et al., 2015; Ozturk et al., 2015; Yang et al., 2015) reported that propolis positively affected the immune status of broilers. The beneficial effect of propolis may be related to its bioactive compounds such as aromatic acids, flavonoids, terpenoids, alkaloids, and polyphenols due to their immunomodulatory properties (Raphael and Kuttan, 2003) . Therefore, the role of bioactive compounds in the immunological system may be explained by the fact that the EEP is able to activate macrophages, providing a first line of defense against microorganisms, promote the production of antibodies, and boost the immune response (Raphael and Kuttan, 2003; Kalsum et al. 2017) . Therefore, our results indicate that propolis has an immunostimulatory potential for broiler breeders.
Our results with respect to the S:P ratio agree with the suggestion of Wang et al. (2006) , who demonstrated that some feed additives, including flavones such as chines herbal plants and propolis, in the diets of male chickens (White Roman) increased antibody levels compared with the control group. Moreover, it has been determined that birds fed a diet fortified with oil-extracted propolis had a higher antibody level and a better response to avian influenza, NDV, and IBD vaccines than those in the control group (Taheri et al., 2005) . Therefore, it can be said that humoral immunity and the success of vaccination can be improved by propolis supplementation to the diets of parents. In contrast to results of previous (Taheri et al., 2005; Wang et al., 2006) and present studies, Konanç and Ozturk (2016) obtained similar titer values for only IBDV in broilers fed diet with EEP. The discrepancy between the studies may be related to the fact that broiler breeder hens had a longer life for vaccination program compared with broilers.
Total antioxidant and TOS are known as the most important features of the antioxidant system, because they have free radical scavenging activity in live organisms. A decrease in TOS level of WEP-fed birds compared with birds from control and RP treatment shows that the antioxidant features of RP and control was not high as much as efficiency of WEP to boost the immune system of the birds. These differences in response to the extract forms may be related to the fact that there is a difference among the propolis extracting methods in terms of obtained active compounds, as in the present study. Based on this result, to combine the beneficial effects of both propolis extracts, the use of their blends can be suggested. The effect of propolis on antioxidant status may be dependent on decreasing malondialdehyde and lipid peroxidation in plasma, liver, and muscle tissue (Matsui et al., 2004; Seven et al., 2010; Babińska et al., 2013) , although the extracts did not affect ALT levels. The result with regard to levels of plasma trigliceride are similar to the results of previous studies (Biavatti et al., 2003; Denli et al., 2005) . They reported that propolis or its extracts did not affect plasma trigliceride of quails and broilers in spite of the use of higher dose of propolis in their diets (1000 and 3000 ppm). In contrast, in recent studies, propolis caused a decrease in blood triglyceride level in broilers and layers (Galal et al., 2008; Babińska et al., 2013; Attia et al., 2014) . These differences may be attributed the anti-oxidising properties of propolis, considered to improve lipid metabolism, liver morphological structures, and biological functions, and also differences in metabolic rate of animal species (Matsui et al., 2004; Babińska et al., 2013) . Indeed, broiler breeders can be exposed to liver diseases because of their high metabolic rates. In the present study, the fact that indicators of liver damage such as AST and ALT were not affected by the treatments may be resulted from a decrease in the metabolic rate due to the feed restriction, as reported in quails (Silici et al., 2013) and broilers (Attia et al., 2014) .
Total protein and albumin content are very important in evaluating and interpreting the effects, related directly to animal health and nutrition of feed additives (Ozturk et al., 2012) . Conflicting results have been reported about the impact of propolis on total protein and albumin content in different poultry species (Galal et al., 2008; Tatli Seven, 2008; Abdel-Rahman and Mosaad, 2013) . Therefore, our results on the total protein and albumin contents indicate that propolis and its extracts have variable effects on these parameters. However, an increase the total protein contents due to supplementation of EEP and WEP indicate that propolis extracts may stimulate the synthesis and release of immunoglobulins by increasing the absorption of protein in the gastrointestinal tract. However, the fact that RP did not affect total protein contents may be related to the digestibility, solubility, and biological activity of raw propolis or its components. Variation in results may be due to differences in the quality of propolis itself (type, dose, form, plant species, location, and season), experimental birds (species, age, gender, stress, heat, and management), and other factors such as time point and duration of propolis application (Bankova, 2005; Mahmoud et al., 2016) . Moreover, as reported by Mahmoud et al. (2016) , it is very difficult to adequately compare studies in which propolis was used as a feed additive, since active compound analyses were not done in many of these studies.
Pre-laying diets and pre-laying management are designed to allow the bird the opportunity to establish adequate medullary bone reserves required for calcifying the first egg. One of the major management decisions today is the actual need for pre-laying diets or whether pullets can sustain long-term shell quality when moved from a grower to a high-calcium layer diet (Leeson and Summers, 2005) . A portion of the required calcium for shell calcification will come from medullary bone reserves. Therefore, an increase in the blood Ca content of birds fed propolis extracts at the pre-laying period may cause calcium to be released for shell synthesis during the laying period
Our results with respect to calcium, IgY, antibody, oxidant, AST, and ALT levels in the blood support idea that propolis extracts, particularly EPP, boosted the immune system, reduced oxidants, and improved Ca absorption of broiler breeder pullets. The egg shell quality decreases during late laying period especially in breeders. Further research is needed to determine whether the increases in Ca absorption due to use of propolis extracts observed in pullet period (16-20 weeks) can also be seen during late laying period.
Conclusions
The addition of propolis extract, especially water and ethanol, to diet improves immunity and antioxidant activity as well as enhances Ca absorption, without affecting blood parameters such as aspartate aminotransferase, alanin aminotransferase, triglyceride, and phosphorus. Body weight gain, feed intake, and feed conversion ratio of broiler breeders are not changed by supplementation of propolis and its extracts in the conditions of the current experiment.
